Background: Data on costs of acute exacerbations of COPD (AECOPD) in low-income countries are sparse. We conducted a prospective survey to assess direct and indirect costs of severe AECOPD in a tertiary care setting in a high prevalence area of North India. Methods: We conducted face-to-face surveys using a semi-structured questionnaire among a convenience sample of 129 consenting patients admitted with AECOPD. Data were collected on out-of-pocket costs of hospitalization, consultation, medications, diagnostics, transportation, lodging, and missed work days for self and their attendants. Out-of-pocket costs were supplemented with World Health Organization-CHOICE estimates. Missed work-days were valued on per capita national income (Indian Rupees [INR] 68,748, US$1,145.8). Median total cost per exacerbation episode was INR 44,390 (Inter-quartile range [IQR]: INR 33,354-63,642; US$739.8, IQR: 555.9-1060.7)
Introduction
COPD is a disease characterized by non-fully reversible airflow limitation and a progressive decline in lung function. According to the World Health Organization (WHO), 274 million people died from COPD in 2000, making it the third major cause of morbidity and mortality globally [1] [2] [3] . Presentations of COPD include an exacerbation of respiratory symptoms (AECOPD), ranging from mild to severe and often requiring hospital admission [4] [5] [6] . Exacerbations can lead to increased morbidity and mortality, thus placing an individual patient at higher risk of future exacerbations [7] . AECOPD are more common with increasing severity of disease: 50% of the patients with severe disease experienced at least two exacerbations per year [8] [9] . Prior studies have also shown that COPD envisages tremendous costs to patients and the health care system; and exacerbations augment this cost substantially [10] .
With population of 1.2 billion, India is second only to China in population and is expected to surpass China by 2025. India has a high prevalence of COPD (4% compared to 0.9% in males and 0.7% in women worldwide) and contributes to more than 20% of all COPD deaths globally [2, [11] [12] . The prevalence of COPD in Kashmir, located in northern India, is even higher amounting to about 19% [Koul et al, unpublished data] .
While many studies have estimated the burden of COPD, there is limited research about the costs of AECOPD. A Canadian study that enrolled 790 COPD patients with an exacerbation (151 requiring hospitalization) estimated an average cost of US$9,557 [13] . Similarly, a Swedish study concluded that the cost of moderate and severe COPD exacerbations were SEK 2,111 and SEK 21,852, respectively [14] . Another Swedish cohort of 2,414 patients found that the mean cost of an AECOPD was US$159, though the costs were determined based on severity [15] . However, these studies were conducted in developed countries. The only study from India was limited to direct costs, and the study estimated that the cost per exacerbation was US$89.75 [6] . The goal of the present study is to calculate both the direct and indirect cost incurred as a result of missed work by the patient himself or his/her caregivers as a result of a COPD exacerbation. patients who were admitted to the hospital with a diagnosis of severe AECOPD were enrolled in the study.
Definition of Severe COPD
Severe AECOPD was defined as worsening of respiratory symptoms beyond expected daily variability, leading to respiratory failure requiring hospital admission. All enrolled individuals provided informed consent.
Data Collection
Semi-structured questionnaires were administered at admission, discharge, and two weeks after discharge. During the interviews, we collected data on out-of-pocket cost of admission, consultation, medications, diagnostic investigations, transportation, lodging fees, and number of missed work days of both patients and caregivers. A structured questionnaire was also administered by a medical social worker at admission and discharge to the patient's themselves or their health care providers. Additional information about changes in the treatment plan during hospitalization was collected from the treating physician and nurse. The questionnaire also collected information about patients' sociodemographic characteristics.
Valuation of Costs
Direct costs were defined as the cost of admission, consultation, medications, diagnostics (e.g. radiologic and laboratory studies), transportation, and lodging fees. Direct cost components were self-reported during inperson or telephone follow-up interviews. WHO-CHOICE estimates for outpatient and hospital-bed day cost were used to supplement data on self-reported direct medical costs [17] . The 2008 estimates were adjusted to 2012 using the consumer price index for India [18] .
Indirect cost was defined as the monetary value of lost wages of adult patients and caregivers of all age groups due to inability to perform regular employment duties. Estimation of indirect cost assumed that labor was replaced at a cost to maintain societal productivity [20] .
Direct out-of-pocket patient costs were calculated as the sum of the direct medical costs and direct non-medical costs (transportation during the current hospitalization and follow-up visits to health facilities during the same episode). Total direct out-of-pocket cost of hospitalization at public facilities was supplemented with WHO-CHOICE estimates of hospital-bed day cost and the median length of hospital stay [17] . The total direct cost of hospitalization or outpatient visit at public facilities was then calculated as the sum of total patients' out-of-pocket direct cost and the estimated cost to the government based on WHO-CHOICE data. Due to inconsistencies in self-reported data, the number of patient missed work days were estimated by adding two days to the reported length of hospital stay [19] . Indirect costs were estimated as the product of missed work days and the 2012 per capita income per day [20] .
Medians and interquartile ranges are reported because data were not normally distributed. The exchange rate used for conversion of INR to US$ was 1 INR = US$0.016 [21] . Median costs were compared to monthly or annual per capita income (INR 5,790 per month or INR 68,408 per year) [22] .
Results

Patient Characteristics
A total of 129 patients and their caregivers were enrolled in the study. The mean age of the patients was 68 ± 10 years and 54% were male. The median duration of hospital stay was 8 days with a range of 1-24 days; inpatient mortality was 12%. Since the study was conducted in a public hospital, 21% of patients did not have to pay for tests carried during the hospitalization. Almost half (49%) of study subjects were transferred from other hospitals. Additionally, 110 (85%) caregivers lost days of work taking care of their family member (median 9.5 days, range 0-90 days). The 12 (9%) patients who took sick leave had to remain off their duties for a median of 20 days (range 5-30 days).
The median cost of hospitalization was INR 44,390 per admission with an interquartile range (IQR): INR 33,354-63,642. The percentage attributed to each cost component are shown in Table 1 . Cost incurred to the hospital was highest (71%) followed by the cost directly borne by patients (29%), costs of medicines (14%), transportation charges (2%), and diagnostic charges including blood chemistries and imaging (3%). Indirect costs calculated as financial loss due to missed work days to caregivers accounted for 4% of the total cost. The median indirect cost was INR 1,544 (IQR: 0-17,370). The median cost of discharge medications was INR 700 (IQR: INR 500-900). The expenses incurred due to AECOPD were covered by family members in all but 11 patients.
Discussion
While considerable data is available about risk factors and burden of AECOPD, there is limited information about costs of AECOPD, particularly from developing countries. Our study estimated the costs of AECOPD in India to be INR 44,390 per admission and mostly (71%) related to direct hospital costs. Importantly, about 30% of the total costs were related to transportation, medications and diagnostic tests and out of pocket expenses. These results suggest that AECOPD generates substantial costs that could be a major economic burden to patients and their families. According to the NCMH, the estimated economic burden of COPD in India in 2005 was 35,000 crore rupees (Rs. 350 billion or US$5.8 billion) and is estimated to further increase in the future [23] . Multiple studies have consistently shown that acute exacerbations are major contributors to these costs, ranging from 45-70% of costs [24] [25] [26] . NCMH also showed that the major component of expenses was incurred on managing exacerbations (average cost of exacerbation US$174). The only other study conducted in India estimated the total cost of a hospitalized exacerbation to be US$90 [16] .
One of the largest surveys assessing the economic impact of COPD was conducted in Europe and North America. That study found that nearly 40-57% of direct medical COPD costs are a result of AECOPD-related hospitalizations. These costs are substantially higher in patients with severe disease [27] . Montegi also found high expenses related to inpatient care for AECOPD in Japan with a mean cost of US$8,214 [28] . A meta-analysis of eleven studies conducted between 1998-2008 estimated costs of exacerbations to vary widely across different countries from US$88 to US$7,757 per exacerbation; the largest component was related to hospitalization and strongly correlated with the severity of exacerbation [29] .
The population of the state of Jammu & Kashmir, located in northern India is close to 12 million. (Census 2011, http://www.census2011.co.in/census/ state/jammu+and+kashmir.html) Given an expected prevalence of COPD of 19% in individuals over 40 years of age, we can estimate that there are approximately 470 thousand COPD patients in these states. Patients with severe (GOLD stage III or IV) COPD have a rate of exacerbations of 3.43 events per year and those with moderate (GOLD II) COPD have an average of 2.68 events per year [30] . Assuming that at least half of COPD patients will have two exacerbations per year, we can estimate that approximately 2.1 billion Indian rupees are spent on AECOPD in Jammu and Kashmir.
In the present study, the inpatient mortality due to AECOPD was 12%. Prior studies have reported mortality rates from 11 to 24% [31] [32] [33] . Not only is AECOPD associated with high mortality, but exacerbations have a significant negative impact on health-related quality of life. Connors showed that at 6months post AECOPD, 54% of patients required assistance with at least one activity of daily living and 49% considered their health status to be fair or poor [33] . Additionally, it has been estimated that COPD contributes to 28,000 disability adjusted life years (DALYs) worldwide with a sizeable proportion being from patients in the South East Asian region, particularly India [34] . However, under-reporting of AECOPD is common leading to underestimation of the true burden of COPDrelated costs [35] .
India bears a disproportionate burden of COPD morbidity and mortality not only because of the size of the population, but also because of under-treatment. In addition, given limitations in insurance coverage, most COPD care cost is borne by the patients or their caregivers. Thus, appropriate management of COPD may require national programs to provide quality care to those patients that could not otherwise afford healthcare. While similar programs are currently available for malaria and tuberculosis, COPD is rapidly growing as a major source of morbidity and mortality in India [36] .
In summary, our study estimated the cost of AECOPD in northern India and found that a considerable proportion of costs are covered by patients and/or their family members. These findings could help hospital administrators and policymakers plan for the care of patients with this growing chronic disease.
